H yperhomocysteinemia (HHcy) is a risk factor for neurovascular and cardiovascular disease associated with endothelial dysfunction and accelerated atherosclerosis (1) (2) (3) . Many clinical and epidemiological studies have demonstrated a positive correlation between homocysteine (Hcy) plasma levels and cardiovascular disorders (4, 5) , leading to the general conclusion that Hcy is a prothrombotic factor (6) (7) (8) . However, the mechanism(s) through which elevated circulating levels of Hcy promote vascular disease and thrombosis is still unclear (9) . Hcy has two primary fates: conversion through a reaction catalyzed by 5,10 methylenetetrahydrofolate reductase (MTHFR) into L-methionine or conversion to L-cysteine (L-Cys) via a transulfuration pathway (10, 11) . The transulfuration pathway relies upon cystathionine β-synthase (CBS) to transform Hcy in cysthathionine, which is converted by cystathionine γ-lyase (CSE) into L-Cys. Thereafter, both enzymes convert L-Cys to generate hydrogen sulphide (H 2 S) (12, 13) . H 2 S has been recognized as the third member of the family of gaseous transmitters (14) , and it is present in human blood at micromolar concentrations (10-100 μM) (15) . It rapidly travels through cell membranes without using any specific receptor/transporter or intracellular signaling proteins. CBS and CSE are differentially expressed in cardiovascular as well as in several other body districts (13) . The physiological functions of H 2 S are mediated by a variety of molecular targets, including ion channels and signaling proteins (16) (17) (18) . Alterations in H 2 S metabolism contribute to an array of cardiovascular disorders such as hypertension, atherosclerosis, heart failure, and diabetes (19) . Nevertheless, the influence of H 2 S on platelet function and, in turn, on blood clotting has been poorly explored. We hypothesized that H 2 S could be involved in the thrombotic events associated with HHcy. To address this issue, we used human platelets harvested either from healthy volunteers or from patients with a C677T polymorphism of the MTHFR gene (MTHFR++) that is linked to HHcy (20) (21) (22) .
Results
Hydrogen Sulphide Enhances Platelet Aggregation. L-Cys and NaHS by themselves had no effects upon the platelet aggregation of human healthy volunteers at the concentrations tested (0.1-100 μM). Thrombin receptor activator peptide-6 (TRAP-6; 2μM) caused 51 ± 2% of platelet aggregation. Incubation with NaHS (0.1-100 μM) led to a marked concentration-dependent increase of aggregation induced by TRAP-6 2 μM ( Fig. 1A ; **P < 0.01 at 1 μM, ***P < 0.001 at 10 μM and 100 μM). Moreover, L-Cys (0.1-100 μM) but not D-Cys (0.1-100 μM) significantly potentiated human platelet aggregation induced by TRAP-6 in a concentration-dependent manner ( Fig. 1A ;°P < 0.05 at 10 μM,°°°P < 0.001 at 100 μM). Pre-treatment with DL-propargylglycine
Significance
Here we have demonstrated that the L-cysteine/H 2 S pathway contributes to the increased thrombotic events associated with hyperhomocysteinemia. In particular, by using platelets harvested from hyperhomocysteinemic patients, H 2 S generated within the platelets in turn activates the arachidonic acid cascade by phosphorylating phospholipase A 2 . This cascade of events primes the platelet that becomes more responsive (reactive) to endogenous stimuli. Finally, our study also suggests that H 2 S could represent a unique biomarker in patients affected with hyperhomocystinemia to define the susceptibility of a cardiovascular event driven by platelets.
(PAG; 10 mM) or aminooxyacetic acid (AOAA; 1 mM) significantly reduced the effect of L-Cys upon platelet aggregation ( Fig.  1B ;°°P < 0.01 and **P < 0.001 for L-Cys 100 μM vs. PAG and AOAA, respectively). Thrombin and collagen were also tested as different aggregating agents. Thrombin (0.1 U/mL) and collagen (3 μg/mL) caused by themselves an aggregation of 62.67 ± 1.14% (n = 9) and 55.67 ± 1.45% (n = 5), respectively. L-Cys or NaHS at the highest dose used significantly increased the thrombininduced aggregation to 69 ± 0.85% (n = 10) and 71.17 ± 1.74% (n = 6), respectively (***P < 0.001). Moreover, in the presence of collagen, L-Cys and NaHS significantly increased the aggregation to 76.67 ± 1.86% (n = 5) and 71.33 ± 1.86% (n = 5), respectively (**P < 0.01 and ***P < 0.001).
Hydrogen Sulphide Does Not Affect cAMP Levels. As expected, prostacyclin (PGI 2 ), the positive control, caused a significant increase in cAMP level ( Fig. 2 ;°°°P < 0.001) in platelets from healthy volunteers compared with the untreated. In addition, L-Cys, D-Cys, and NaHS did not affect the PGI 2 -induced increase in cAMP. The values (in nM) were 32.45 ± 11.5, 24.95 ± 8.3, and 26.51 ± 12.4 for L-Cys, D-Cys, or NaHS, respectively. TRAP-6 (2 μM) significantly reduced the increase of cAMP induced by PGI 2 treatment (**P < 0.01) and neither L-Cys (100 μM), D-Cys (100 μM), nor NaHS (100 μM) significantly modified this effect (Fig. 2) .
Hydrogen Sulphide Does Not Affect ATP Release. Neither L-Cys, D-Cys, nor NaHS altered the release of ATP from healthy volunteers' washed platelets stimulated by TRAP-6 (2 μM; Fig. S1 ).
Hydrogen Sulphide Potentiates Platelet Aggregation in MTHFR++ Carriers. The mean age of healthy volunteers and MTHFR++ carriers was 28 ± 3 y and 30 ± 8 y (P = 0.353), respectively. The Hcy plasma levels of healthy volunteers and MTHFR++ carriers were 9.3 ± 1.0 μM and 32.4 ± 1.7 μM, respectively (P < 0.001). TRAP-6-induced aggregation (2 μM) was similar in both healthy volunteers and MTHFR++ carriers (51 ± 2%, n = 15 and 55.6 ± 2%, n = 10). L-Cys treatment at all of the concentrations used caused a significant marked increase in the aggregation induced by TRAP-6 in MTHFR++ carriers compared with that in healthy volunteers ( Fig. 3A ; *P < 0.05 at 0.1 μM and 1μM, **P < 0.01 at 10 μM, ***P < 0.001 at 100 μM). PAG (10 mM) and AOAA (1 mM) significantly reversed the effect of L-Cys upon platelet aggregation in MTHFR++ carriers ( Fig. 3B ; * ,°P < 0.05 at 1 μM and 10 μM). In particular, L-Cys 0.1 μM did not affect platelet aggregation in healthy volunteers, whereas in platelets from MTHFR++ carriers, the same concentration of L-Cys increased the aggregation significantly (from 55.6 ± 2 to 65 ± 2%; Fig. 3A ; P < 0.05).
Role of the Hydrogen Sulphide Pathway in MTHFR++ Carriers and Healthy Volunteers. Western blot analysis demonstrated that both CBS (Fig. 4A) and CSE (Fig. 4B) were present in human platelets. Both enzymes were similarly expressed in MTHFR++ carriers and healthy volunteers. Human platelets also generated detectable amounts of H 2 S (Fig. 5A) , and CBS and CSE efficiently converted L-Cys into H 2 S in both subject groups ( Fig. 5A ; § § § P < 0.001 and°°°P < 0.001, respectively). Both PAG (10 mM) and AOAA (1 mM 3 (1 μM), a cPLA 2 inhibitor, significantly reduced the enhanced aggregation produced by L-Cys (Fig. 6A; *P < 0.05, **P < 0.01, ***P < 0.01). Similarly, SQ 29548 (1 μM), INDO (1 μM), and AACOCF 3 (1 μM) significantly reduced the enhanced aggregation induced by NaHS (Fig. 6B; *P < 0.05, **P < 0.01, ***P < 0.01). NaHS and L-Cys induced significant concentration-dependent increase in TRAP-6-induced platelet aggregation (**P < 0.01 for NaHS 1 μM, ***P < 0.001 for NaHS 10 μM and 100 μM;°P < 0.05 for L-Cys 10 μM,°°°P < 0.001 for L-Cys 100 μM). D-Cys did not affect platelet aggregation induced by TRAP-6. (B) The effect of L-Cys was significantly inhibited by both AOAA (1 mM; **P < 0.05) and PAG (10 mM;°°P < 0.05). Results are expressed as percent of maximal aggregation and calculated as mean ± SEM from 15 healthy volunteers. Data were analyzed using one-way ANOVA followed by Bonferroni post-test. Fig. 2 . Measurement of cAMP levels in human washed platelet. PGI 2 caused a significant increase in cAMP level compared with vehicle (°°°P < 0.001) in platelets harvested from healthy volunteers. TRAP-6 (2 μM) significantly inhibited PGI 2 -induced cAMP production (**P < 0.01). NaHS (100 μM), L-Cys (100 μM), and D-Cys (100 μM) did not modify cAMP levels compared with TRAP-6. Results are expressed as nM and calculated as mean ± SEM from five healthy volunteers. Data were analyzed using one-way ANOVA followed by Bonferroni post-test.
Hydrogen Sulphide Increases Thromboxane B 2 Levels. Incubation with NaHS (100 μM) or L-Cys (100 μM) but not with D-Cys (100 μM) significantly enhanced TRAP-6 (2 μM)-stimulated production of thromboxane B 2 (TxB 2 ) by human washed platelets ( Fig. 7 ; **P < 0.01). The effects of NaHS and L-Cys ( Fig. 7) were markedly inhibited by both INDO (1 μM,°°°P < 0.001) and AACOCF 3 (1 μM; ### P < 0.001). In addition, NaHS (100 μM) and L-Cys (100 μM) by themselves did not affect TxB 2 production (Fig. 7) . Urinary 11-Dehydro-TxB 2 in Healthy Volunteers and MTHFR++ Carriers. Urinary 11-dehydro-TxB 2 levels were, respectively, 639 ± 105 μmol/L and 292 ± 63 μmol/L for MTHFR++ carriers and healthy volunteers. MTHFR++ carriers showed higher urinary 11-dehydro-TXB 2 levels than healthy volunteers (P < 0.05). Urinary 11-dehydro-TxB 2 levels showed a significant and direct correlation with Hcy levels (r = 0.765, P < 0.001).
Discussion
Here we have demonstrated that human platelets can endogenously produce H 2 S. Indeed, human platelets express both CBS and CSE and do generate H 2 S. In fact, platelets efficiently convert L-Cys (the substrate) into H 2 S. Exposure of human platelets to an H 2 S donor (NaHS) or the substrate (L-Cys) did not, by itself, affect platelet aggregation in the range of concentrations we tested. It has been previously reported that NaHS inhibits human platelet aggregation (23) , but this effect was obtained within a mM range (1-10 mM) well beyond those used in our experiments and those present in human blood (10-100 μM). However, NaHS at concentrations ranging between 0.1 μM and 100 μM significantly increased TRAP-6-induced platelet aggregation. Similarly, L-Cys (0.1-100 μM) but not D-Cys (0.1-100 μM) potentiated platelet aggregation in a concentrationdependent manner. This latter effect was significantly reduced by incubation with CBS or CSE inhibitors. Therefore, the L-Cys/H 2 S pathway has a functional role in platelets. The potentiating effect of NaHS or L-Cys did not involve either cAMP or ATP platelet secretion. These latter results also imply that the concentrations of NaHS, L-Cys, and D-Cys used were not toxic for platelets.
Building upon our in vitro findings using platelets from healthy volunteers, we hypothesized that H 2 S pathway could be relevant in the context of a clinical condition in which this pathway is disrupted. In humans, normal plasma Hcy levels range between 5 and 15 μM. In severe HHcy with associated homocysteinuria, because of a homozygous deficiency of CBS, plasma Hcy levels exceed 100 μM. This is a rare genetic disorder that is characterized by venous thromboembolism, premature atherosclerosis, and osteoporosis (24) . There is also a condition associated with a mild/moderate elevation of plasma Hcy (i.e., 15-50 μM) that is not so uncommon, occurring in 5-7% of individuals. The most common genetic cause of mild HHcy is the expression of a MTHFR variant. In these patients there is an increased incidence of venous thrombosis and arterial atherothrombotic diseases, including myocardial infarction and stroke (25) (26) (27) . To address our hypothesis, we have selected newly diagnosed patients from this latter group who are MTHFR++ carriers with higher levels of Hcy. In these patients, circulating platelets are Fig. 3 . Effects of H 2 S upon platelet aggregation induced by TRAP-6 in MTHFR ++ carriers. Platelet aggregation induced by TRAP 2 μM was 51% ± 2% in healthy volunteers and 55.6% ± 2% in MTHFR++ carriers and was not significantly different between the two groups. (A) Closed square line shows the L-Cys increase of TRAP-6-induced aggregation on platelets harvested from healthy volunteers. Open square line shows the L-Cys increase of TRAP-6-induced aggregation on platelets harvested from MTHFR++ carriers. The effect of L-Cys was significantly greater in MTHFR++ carriers at all of the concentrations used (*P < 0.05 for 0.1 μM and 1 μM, **P < 0.01 for 10 μM, ***P < 0.001 at 100 μM). (B) CSE inhibitor (PAG, 10 mM;°P < 0.05 for 1 μM and 10 μM,°°p<0.01 for 100 μM) or CBS inhibitor (AOAA, 1 mM; *P < 0.05 for 1 μM and 10 μM, *** P<0.001 for 100 μM) significantly reversed the effects of L-Cys in MTHFR++ carriers. Results are expressed as percent of maximal aggregation and calculated as mean ± SEM from 10 MTHFR++ carriers and from 15 healthy volunteers. Data were analyzed using one-way ANOVA followed by Bonferroni post-test. PNAS Early Edition | 3 of 6 PHARMACOLOGY chronically exposed to Hcy plasma levels over the physiological values. Nevertheless, platelets of MTHFR++ carriers expressed both CBS and CSE, as in healthy volunteer platelets. Therefore, these platelets can still metabolize Hcy to H 2 S through the combined action of CBS and CSE. TRAP-6-induced aggregation was similar in both groups. However, platelets harvested from MTHFR++ carriers incubated with growing concentrations of the substrate L-Cys displayed a significant potentiating effect of TRAP-6-induced aggregation compared with platelets harvested from healthy volunteers. Of particular interest is the finding that already at the concentration of 100 nM (10 −7 M) there was a marked enhancement of the pro-aggregatory effect of L-Cys in platelets harvested from MTHFR++ carriers compared with healthy volunteers. The role played by CBS and CSE was confirmed by the finding that the L-Cys effect was reversed by treatment with either CBS or CSE inhibitors. These results imply that H 2 S generated by Hcy through the transulfuration pathway, within the platelets, contributes to platelet activation involved in the vascular events in MTHFR ++ carriers. In line with this hypothesis, analysis of the platelet content of H 2 S revealed a significant increase of H 2 S levels in MTHFR++ carriers compared with healthy volunteers. At the same time, in these patients there was also a significant increase in H 2 S plasma levels compared with healthy volunteers.
In HHcy patients, increased platelet activation has been associated with elevated production of tromboxane A 2 (28) (29) (30) . In line with these findings, in MTHFR++ carriers, we found that urine thromboxane metabolites were significantly higher than in healthy individuals. These clinical data further suggested a possible link between H 2 S and the eicosanoid pathway. To further address this issue, we operated a pharmacological modulation by using selective inhibitors. The pharmacological blockade of either cPLA 2 or COX reduced both the NaHS and L-Cys potentiating effect in platelets harvested from healthy volunteers. Similarly, the selective TP receptor antagonist SQ 29548 abolished the potentiating effect displayed by either NaHS or L-Cys. Taken together, these data indicate that the arachidonic acid cascade acts as a downstream signal of the L-Cys/H 2 S pathway in platelets. In line with this hypothesis, it has been shown that H 2 S can activate PLA 2 , triggering the arachidonic acid cascade both in vivo and in vitro (17, 31) . Because phosphorylation of PLA 2 is an index of its activation, to follow up on this hypothesis, we measured the basal cPLA 2 phosphorylation state in platelets of MTHFR++ carriers and healthy volunteers. The p-cPLA 2 / PLA 2 ratio was significantly increased in MHTFR++ carrier platelets, suggesting that the arachidonic acid/PLA 2 /eicosanoid pathway is primed in these patients. In MTHFR++ carriers, higher levels of H 2 S can lead to an up-regulation of the PLA 2 -dependent eicosanoid pathway, leading to increased generation of thromboxane A 2 .
Despite the strong association between HHcy and thrombotic risk, the mechanisms underlying this prothrombotic state are still poorly understood (32) . Our data suggest that in MTHFR++ carriers there is an increase in platelet activity dependent upon H 2 S generated within the platelet that boosts the arachidonic acid cascade. Therefore, in MTHFR++ carriers the activation of the L-Cys/H 2 S pathway within the platelets primes them, making platelets more responsive to endogenous stimuli that normally do not activate healthy platelets. This mechanism may explain how mild hyperhomocysteimnemia contributes to the development of premature coronary diseases and recurrent arterial and venous thrombosis in these patients.
Methods
Human Platelets. Blood samples were collected from healthy volunteers or from newly diagnosed MTHFR++ carriers (21, 22) . Both healthy volunteers , a COX inhibitor; and AACOCF3 (1 μM), a cPLA 2 inhibitor, significantly (*P < 0.05, **P < 0.01, ***P < 0.001) reduced the enhancing effects of L-Cys upon aggregation induced by TRAP-6 (2 μM) or (B) NaHS. Results are expressed as percent of maximal aggregation and calculated as mean ± SEM from five to eight healthy volunteers. Data were analyzed using one-way ANOVA followed by Bonferroni post-test.
and MTHFR++ carriers had not taken medications during the preceding 2 wk. The study on healthy volunteers was approved by the NHS St. Thomas Hospital Research Ethics Committee, and the study protocol concerning the MTHFR++ carriers versus healthy volunteers has been approved by the local Ethics Committee (Faculty of Medicine and Surgery, University of Naples Federico II, Naples, Italy). Studies conformed to the principles outlined in the Helsinki Declaration, and both healthy volunteers and MTHFR++ carriers were informed and gave their written consent to participate in the present study.
Washed Platelet Preparation. Human blood was collected by venepuncture and mixed with trisodium citrate (3.8%, wt/vol; Sigma). Platelet-rich plasma (PRP) was obtained by centrifugation at 200 × g for 15 min at room temperature (25°C). Washed platelets were prepared by a prostacyclin-based method (33) . Briefly, PRP was centrifuged at 800 × g for 10 min in the presence of 0.2 μmol/L prostacyclin (Sigma) and 25 U/mL apyrase (Leo Laboratories). The platelet pellet was then suspended in calcium-free Tyrode's solution (134 mmol/L NaCl, 20 mmol/L Hepes, 2.9 mmol/L KCl, 5 mmol/L glucose, 0.34 mmol/L Na 2 HPO 4 , 1 mg/mL BSA, and 1 mmol/L MgCl 2 , pH 7.4; Carlo Erba) containing 0.2 μmol/L prostacyclin. The suspension was centrifuged at 800 × g for 10 min, and washed platelets were suspended in calcium-free Tyrode's solution and adjusted to about 3 × 10 5 platelets per μl.
Platelet Aggregation. Platelet aggregation was followed at 37°C by light transmission aggregometry using a Platelet Aggregation Profile-8E (Bio/ Data Horsham) as described by Born (34) . Preliminarily, we have tested three different aggregating agents-thrombin (0.03-1 U/mL; Sigma), collagen (0.1-3 μg/mL; Sigma), and TRAP-6 (0.3-3 μM; Bachem). In our experimental condition, TRAP-6 was chosen, as it gave an optimal concentration-response curve. In particular, the concentration of TRAP-6 2 μM was selected because at this concentration it caused 52 ± 2% aggregation, allowing the evaluation of both potentiation or inhibition. Platelet suspensions (3 × 10 5 platelets per μl) were incubated at 37°C with either NaHS, as a H 2 S donor (0.1-100 μM, for 5 min; Sigma), or L-Cys, as a substrate (0.1-100 μM, for 10 min; Sigma) under stirring conditions (1,200 rpm) before addition of TRAP-6 (2 μM) or vehicle. D-Cys (Sigma) was used as a negative control. To investigate the mechanism of H 2 S signaling, we performed experiments using AOAA (1 mM, Sigma) and PAG (10 mM; Sigma) inhibitors of CBS and CSE, respectively, incubated for 15 min before the addition of L-Cys. In addition, to evaluate the involvement of thePLA 2 / arachidonic acid pathway, human washed platelets were treated with either SQ 29548 (1 μM; Cayman), a TP antagonist, or INDO (1 μM; Sigma), a COX inhibitor, or AACOCF 3 (1 μM; Tocris), a cPLA 2 inhibitor, before addition of NaHS or L-Cys and then stimulation with TRAP-6. Light transmission aggregometry was followed for 10 min, after which the percentage of aggregation was calculated by the software (Aggregolink-810-CA; Mascia Brunelli) using Tyrode's buffer as blank. All of the drugs tested were added directly to platelets to assess whether they, by themselves, caused platelet aggregation. Results were expressed as percent of aggregation and calculated as mean ± SEM. Data were analyzed using one-way ANOVA followed by Bonferroni post-test. A P value <0.05 was considered significant.
cAMP Measurement. Human washed platelets (3 × 10 5 platelets per μl) were treated with NaHS (100 μM), L-Cys (100 μM), D-Cys (100 μM), or vehicle, in the presence of prostacyclin (100 nM), to elevate basal cAMP levels to a detectable range and then were stimulated with TRAP-6 (2 μM). The reaction was stopped after 4 min by adding Triton X-100 (0.625%), isobutylmethylxanthine (0.5 mM), and KF (0.5 M). The cAMP content of platelet lysates was determined by a homogenous time-resolved fluorescence-based immunoassay (Cisbio). Results were expressed as nM concentration in the lysate and calculated as mean ± SEM from five healthy volunteers. Data were analyzed by using two-way ANOVA followed by Bonferroni post-test. A P value <0.05 was considered significant.
Thromboxane Measurement. At the end of aggregation experiments using NaHS, L-Cys, or D-Cys (all 100 μM), cyclo-oxygease activity was halted by addition of diclofenac (1 mM). Platelet suspensions were then removed from aggregometer cuvettes and the supernatant separated by centrifugation. The levels of TxA 2 production were determined by measurement of its stable breakdown product, TxB 2 , in the supernatant using a homogenous timeresolved in-house developed fluorescence-based immunoassay (35) . Results were expressed as ng/mL and calculated as mean ± SEM from 10 healthy volunteers. Data were analyzed by one-way ANOVA followed by Bonferroni post-test. A P value <0.05 was considered significant.
ATP Luminometric Assay. A modified luminometric assay was used to determine both total ATP and ADP release (36) . Briefly, 100 μL human washed platelet suspensions (3 × 10 5 platelets per μl), incubated with either NaHS or L-Cys, or as control, D-Cys (100 μM), for 5 or 10 min, respectively, or vehicle were placed in each well of a white clear-bottomed 96-well plate containing 10 μL of TRAP-6 (0.1-300 μM) and placed into a plate reader maintained at 37°C and read at 595 nm every 15 s for 5 min, with vigorous shaking between readings. After 5 min, the plate was removed, and 50 μL of substrate containing phosphocreatine (1.5 mM; Sigma), creatine phosphokinase (3,000 U/mL; Sigma), and chrono-lume reagent (1:5 vol/vol; LabMedics) was added to each well. The plate was shaken at 350 rpm for 2 min at 37°C and then measured by Mithras LB940 multimode plate reader (Berthold Technologies). The luminescence of 20 nmol ATP (LabMedics) in Tyrode's buffer was used as a standard to calculate the total ATP/ADP released. Results were expressed as nmol per well and calculated as mean ± SEM from six healthy volunteers. Data were analyzed by one-way ANOVA followed by Dunnet post-test. A P value <0.05 was considered significant.
Western Blot Analysis. Human washed platelets (from healthy volunteers or MTHFR++ carriers) were homogenized in modified radioimmunoprecipitation Fig. 7 . The effect of H 2 S upon human platelet TXB 2 levels. NaHS (100 μM), L-Cys (100 μM), but not D-Cys (100 μM) significantly increased the production of TXB 2 stimulated by TRAP-6 (2 μM; **P < 0.01). Both INDO (1 μM,°°°P < 0.001) and AACOCF 3 (1 μM, ### P < 0.001) markedly inhibited the effects of both NaHS and L-Cys. NaHS (100 μM) or L-Cys (100 μM) by itself did not affect TXB 2 production. Results are expressed as ng/mL and calculated as mean ± SEM from 10 healthy volunteers. Data were analyzed using one-way ANOVA followed by Bonferroni posttest. PHARMACOLOGY assay (RIPA) buffer (Tris·HCl 50 mM, pH 7.4, Triton 1%, sodium deoxycholate 0.25%, NaCl 150 mM, EDTA 1 mM, phenylmethylsulphonyl fluoride 1 mM, aprotinin 10 mg/mL, leupeptin 20 mM, NaF 1 mM, sodium orthovanadate 1 mM). Protein concentration was determined by Bradford assay using BSA as the standard (Bio-Rad Laboratories). Denatured proteins (30 μg) were separated on 10% SDS polyacrylamide gels and transferred to a polyvinylidene fluoride membrane. The membrane was blocked by incubation in PBS containing 0.1% vol/vol Tween 20 and 5% nonfat dried milk for 1 h at room temperature and then incubated with rabbit polyclonal antibody for CBS (1:1,000; Santa Cruz Biotechnology, Inc.) and with mouse monoclonal antibody for CSE (1:1,000; Novus Biologicals) overnight at 4°C. The membrane was extensively washed in PBS containing 0.1% vol/vol Tween-20 and then incubated for 2 h at 4°C with anti-rabbit or anti-mouse IgG-horseradish peroxidase conjugate (1:5,000). Additionally, to evaluate the involvement of PLA 2 , the same membrane was incubated with rabbit polyclonal antibody for cPLA 2 (1:1,000; Cell Signaling) and with rabbit polyclonal antibody for phospho-cPLA 2 Ser505 (Cell Signaling). The filter was then washed, and the immunoreactive bands were visualized using the enhanced chemiluminescence substrate (Amersham Pharmacia Biotech) and thereafter densitometrically analyzed with a model GS-800 imaging densitometer (Biorad). Data were calculated as mean ± SEM of three samples from MTHFR++ carriers and healthy volunteers. Data were analyzed by Student t test. A P value <0.05 was considered significant.
Measurement of H 2 S. H 2 S production was measured in human washed platelets according to Stipanuk and Beck (1982) , with some modifications (37) . Briefly, platelets were lysed in an appropriate buffer (potassium phosphate buffer 100 mM, pH 7.4, sodium orthovanadate 10 mM, and proteases inhibitors). Protein concentration was determined by using Bradford assay (Bio-Rad Laboratories). Homogenates were added to a reaction mixture containing pyridoxal-5′-phosphate (2 mM), L-Cys (10 mM), D-Cys (10 mM), or vehicle. The reaction was performed in sealed Eppendorf tubes and initiated by transferring tubes from ice to a water bath at 37°C for 30 min. Next, trichloroacetic acid solution (10% wt/vol) was added to each sample followed by zinc acetate (1% wt/vol). Subsequently, N,N-dimethyl-p-phenylendiamine sulfate (DPD; 20 mM) in HCl (7.2 M) and FeCl 3 (30 mM) in HCl (1.2 M) were added, and optical absorbance of the solutions was measured after 20 min at a wavelength of 650 nm. In another series of experiments, PAG (10 mM) CSE inhibitor or AOAA (1 mM) CBS inhibitor was added 5 min before the addition of L-Cys. All samples were assayed in duplicate, and H 2 S concentrations were calculated against a calibration curve of NaHS (3-250 μM). Plasma determination of H 2 S was performed as follows: 200 μL of plasma were added in Eppendorf tubes containing trichloroacetic acid (10%, 300 μL), and after centrifugation (5000 × g for 10 min, at 4°C) zinc acetate (1% wt/vol, 150 μL) was added to each samples. Subsequently, DPD (20 mM, 100 μL, in 7.2 M HCl) and FeCl 3 (30 mM, 133 μL, in 1.2 M HCl) were added to the reaction mixture, and H 2 S determination followed the same protocol described above. Results were expressed as nmol/mg proteins per min and calculated as mean ± SEM from six MTHFR++ carriers and nine healthy volunteers for platelet homogenates. Data were analyzed by one-way ANOVA followed by Bonferroni post-test. Plasma H 2 S results are expressed as μM concentration and were calculated as mean ± SEM of four samples of plasma from MTHFR++ carriers and healthy volunteers. Data were analyzed by Student t test. A P value <0.05 was considered significant.
Measurement of Urinary 11-Dehydro-TXB 2 . Urinary 11-dehydro-TXB 2 concentrations were measured by liquid chromatography-tandem mass spectrometry, using electrospray ionization in negative-ion mode (24) . The detection limit of this method is 0.375 pg/μL, with a linear range of 0.78-25 pg/μL; the inter-and intraday variability was <5% for both metabolites. Results were calculated as mean ± SEM from six MTHFR++ carriers and six healthy volunteers. Data were analyzed by Student t test.
